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Abstract 
The most common types of activators used for alkali-activated materials (AAMs) are 
sodium hydroxide and sodium silicate. These activators have been found to be corrosive, 
viscous, expensive, and with high embodied energy and carbon. In addition, the properties of 
these activators have made the large-scale applications of AAMs possible as a result of the 
special handling and side effects it has on the properties of the resulting AAM. 
 
 Therefore, this review explored the use of alternative green activator used for AAMs and 
the effects it has on its properties. A green activator herein is classified as an activator that has 
a less embodied energy and carbon compared to sodium silicate and sodium hydroxide. This 
study shows the possibility of producing a greener AAM with enhanced strength and 
durability properties. In addition, it was observed that there's a considerable cost reduction 
with the use of the green activators compared to the conventional ones. 
 
1. Introduction 
 
The high emission of carbon dioxide due to the production of ordinary Portland cement 
(OPC) has opened the way for various sustainable initiatives that can be used to reduce these 
high emissions. These initiatives vary from the partial and total replacement of OPC, to use of 
alternative fuels and optimization of OPC's production processes. However, the one with the 
most promising possibility of reducing a significant amount of carbon dioxide is alkali-
activated materials (AAMs). Alkali-activated materials create an avenue for 100% 
replacement of OPC in concrete and use waste materials as one of the major components. 
AAMs are achieved by alkali activation of aluminosilicate precursors with an alkali source. 
Examples of aluminosilicate precursor used for AAMs are slag, fly ash, metakaolin, rice husk 
ash, etc. The alkali activation results in dissolution of aluminate and silicate monomers from 
the precursor and a gel which hardens is formed. The common types of alkali activators 
commonly used for AAMs eliminates the sustainable advantage of AAMs over OPC, as they 
are its major contributor of carbon dioxide.  
 The most commonly used activators used are sodium silicate and sodium hydroxide. 
These activators are mostly used due to its resulting high strength.  However, these activators 
produce poor fresh and hardened properties that have limited the universal acceptance and 
large-scale application of AAMs. The major poor properties ensued from the use of sodium 
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silicate and sodium hydroxide are quick setting and high drying shrinkage. Quick setting of 
alkali-activated slag (AAS) which is a type of AAM has been found to result in low 
workability and flowability of the AAM [12,13]. In addition, these activators are expensive, 
corrosive, and are the highest contributor of embodied energy in AAM preventing the 
advantage of using AAM as a binder in concrete [2,5]. 
 As there exists no review in the open literature that focuses on the use of green activators 
in AAMs, this review explores the use of activators that can be classified as green activators, 
and the effects they have on the resulting properties of the AAMs. AAMs used herein refers 
to different types of AAMs which use different types of aluminosilicate precursors. Where 
significant, the type of AAMs is mentioned. It is anticipated that this review will open a 
pathway for more application and research on the use of green activators.  
 
 
2. Green activators 
 
 Activators classified as green in this article have a significant lower embodied carbon and 
energy compared to that of sodium silicate and sodium hydroxide. Also, these green 
activators are more user-friendly (i.e. less corrosive), and cheaper. Some types of green 
activators are further explored, alongside with their effect on the properties of the resulting 
AAMs. 
 
2.1 Sodium carbonate 
Compared to sodium silicate and sodium hydroxide, sodium carbonate exists naturally in 
the environment and can be extracted from sodium carbonate and trona mines [19]. Also, it 
can be obtained through a chemical procedure (i.e. Solvay) [18]. In addition, it is 
approximately 3 times cheaper than sodium silicate and sodium hydroxide [9]. 
However, activating aluminosilicate precursors with sodium carbonate results in lower 
early age strength compared to those activated with common activators (i.e. sodium silicate 
and sodium hydroxide). This lower early strength has been attributed to the initial formation 
of sodium calcium carbonate which delays the activation reaction [4]. Sodium carbonate also 
results in lower drying shrinkage of AAM compared to those activated with sodium silicate. 
 AAMs activated with sodium carbonate shows a more practical set time compared to 
those activated with sodium silicate [4]. The extended set time has been attributed to the 
initial formation of calcium carbonate, which also results in lower early age strength as 
mentioned earlier. Also, sodium carbonate lower pH (i.e. 12.6) compared to that of sodium 
silicate (i.e. 13.4) and sodium hydroxide (i.e. 13.8) is responsible for the extended setting 
time. Wang et al [22] also attributed the lower early strength of slag activated with sodium 
carbonate to the activator’s lower pH. Slag activated with sodium carbonate has been able to 
result in higher strength at later ages (i.e. 28 days) which makes it a great alternative for 
sodium silicate and sodium hydroxide where high early strength is not required [4]. The later 
higher strength has been attributed to the formation of carbonated compounds which results in 
a more densified microstructure [4].  Other studies also recorded late higher strength of up to 
60MPa at 28 days when sodium carbonate was used to activate slag.  
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2.2 Magnesium oxide 
 Slag activated by 10 - 20% of magnesium oxide has been found to have a strength about 
four times that of those activated with calcium hydroxide [16]. However, between 5 – 10% 
magnesium oxide, the 28 days of the resulting AAM was found to be lower than those 
activated with calcium hydroxide. Use of magnesium oxide to activate slag has been found to 
reduce shrinkage and cracking capability of the resulting AAM [16]. 
 Despite the great potential of using magnesium oxide as a green alternative activator for 
AAMs, it should be noted that the chemical composition of magnesium oxide varies 
considerably from different locations [1]. Birchal et al. [1] and Mo et al. [11] recorded 
variations in AAMs properties when different types of magnesium oxide were used. 
Therefore, proper initial tests should be carried out to determine the optimum proportions for 
a specific magnesium oxide before a large-scale production is carried out 
 Though high energy is consumed, and carbon dioxide is emitted during the manufacture 
of magnesium oxide, the very low amount (i.e. about 10% the mass of the binder) required to 
activate AAMs still makes the resulting AAM more sustainable compared to OPC [22]. 
2.3 Sodium sulphate  
The common activators used for AAMs (i.e. sodium silicate and sodium hydroxide) cannot 
be mined directly from the environment, therefore they required several industrial processes 
that are energy intensive and emit a large amount of carbon dioxide into the environment. On 
the other hand, sodium sulphate can be obtained from natural resources, which eliminates the 
negative impact production of the common activators have on the environment [14]. Similar 
to sodium carbonate, AAMs activated with sodium sulphate show low early age strength [23].  
This is due to the low alkalinity of the sodium sulphate [14]. Increasing the sodium oxide 
equivalent of sodium sulphate from 1 to 3% resulted in a significant increase in the early age 
strength of AAMs [14,15]. However, at 28 days, there's no significant difference between 
samples activated with 1% and 3% sodium oxide equivalent. Using 1% sodium oxide 
equivalent to activate slag, Douglas and Brandstetr [3] obtained a 24 hours strength similar to 
that of OPC 
AAMs activated with sodium sulphate exhibited longer setting times compared to those 
activated with sodium silicate and sodium hydroxide. In addition, AAMs activated with 
sodium sulphate show excellent workability similar to that of OPC [14], and higher fire 
resistance [15]. This shows to use sodium sulphate as an activator for large-scale AAMs 
applications.  However, AAMs activated with sodium sulphate exhibited higher drying 
shrinkage compared to that of OPC, but lower than those activated with sodium hydroxide 
and sodium silicate [14]. Use of shrinkage reducing admixtures (SRA), OPC, hydrated lime, 
or fly ash can be used to control the drying shrinkage in AAMs activated with sodium 
sulphate. A reduction of 43.64% and 58.73% in drying shrinkage was recorded when hydrated 
lime and OPC was used respectively [14]. Sodium sulphate is also more economical in terms 
of cost and availability compared to the common activators 
 
2.4 Calcium hydroxide 
 Calcium hydroxide has a lower alkalinity compared to that of sodium silicate, sodium 
hydroxide, and sodium carbonate. This lower pH has resulted in lower strength gain of AAMs 
activated with calcium hydroxide due to the slower dissolution of silicate and aluminate 
monomers from aluminosilicate precursors [8, 24]. When calcium hydroxide is used as AAMs 
activator, an optimum activator level has to be determined as this type of activators does not 
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behave like other activators where increasing the concentration leads to higher strength. This 
is as a result of the low solubility of calcium hydroxide in water, which results in an 
insignificant change in alkalinity when a higher amount is dissolved in water as observed in 
Figure 1 [10]. These results are also similar to Jeonung et al. [7] study where they observed 
no significant gain in strength when the concentration of the calcium hydroxide was increased 
 
 
Figure 1. 28 days compressive strength of different types of activator and total alkali 
percentage (data from [10]) 
 
 Calcium hydroxide is a more user-friendly activator as it safe to handle, less expensive, 
and readily available for purchase in household stores. Calcium hydroxide is approximately 6 
times cheaper than sodium hydroxide [6]. Use of sodium sulphate with calcium hydroxide as 
AAM activator has been reported to improve the strength of the AAM significantly [17]. The 
improved strength has been attributed to the formation of ettringite which densifies the 
microstructure, thereby leading to higher strength [17]. A study carried out by Jeong et al. [7] 
showed that the early strength of AAMs activated with calcium hydroxide can be improved 
by the addition of supplementary activators. The supplementary activators used were gypsum, 
sodium hydroxide, sodium carbonate and sodium sulphate. However, the later age strength 
was not improved with the addition of supplementary activators. Yang et al [24] used longer 
curing duration to improve the later age strength of AAM which employs slag as the 
aluminosilicate precursor. The improved later age strength can be attributed to a more 
stabilized calcium silicate hydrate 
 
3. Conclusions 
Based on the short review on the effect of green activators on the properties of AAMs, the 
following conclusion can be made; 
• Use of sodium hydroxide and sodium silicate as activators for AAMs is not a 
sustainable option, as these common activators cannot be obtained from natural 
resources, and their production process is energy intensive and emits carbon dioxide to 
the environment 
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• In cases where high early strength is not required, activating AAMs with sodium 
carbonate is a greener alternative, as it results in similar strength at later ages 
compared to those activated with sodium silicate and sodium hydroxide 
• Binary and ternary application of green activators will result in practical early age and 
later age strength. In addition, the combination of the green activators at right 
percentages will help to improve the overall durability of AAMs 
• More research in the field of green activators is still required as very limited research 
is available, the majority of all the studies in AAMs employs the use of sodium silicate 
and sodium hydroxide as activators 
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